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(54) QUARTZ GLASS CRUCIBLE AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a quartz glass crucible capable of suppressing local corrosion and 
crystallization of an inner surface, and impurity contamination of a silicon molten liquid, and ensiling the 
corrective action against deterioration of the surface of the crucible, and overcoming of inconvenience of 
treatment by forming the inner surface of a crucible wall out of a transparent quartz glass layer covering a 
layer containing a crystallization improver. 

SOLUTION: A metal ion (e.g. an alkali ion) is used as a crystallization improver. The concentration to be 
used is over 0 ppm but not over 500 ppm (e.g. 50 ppm). The thickness of a transparent quartz glass layer is 
over 0 mm and not over 1 mm (e.t. 6-800 li m). A layer containing the crystallization improver is rapidly 
crystallized before the pulllng-up of the single crystal when a polycrystal silicon is melted at a high 
temperature of >1,400° C because of the double layered structure of the inner surface of the crucible. 
When the single crystal is pulled up thereafter, the transparent quartz glass layer is slowly crystallized on 
the surface layer side by using such crystallized layer as a nuclear and as a result, the whole surface of the 
crucible is in a state covered with the crystal. 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A silica glass crucible having had a wrap transparent-silica-glass layer for a layer characterized by 
comprising the following, and constituting the crucible Kabeuchi surface from this transparent-silica-glass 
layer. 

A layer containing a crystallization accelerator. 
This crystallization accelerator. 

[Claim 2]A silica glass crucible characterized by said transparent-silica-glass layer thickness being 1 mm or 
less exceeding 0 mm in the invention according to claim 1. 

[Claim 3]A silica glass crucible characterized by concentration of said crystallization accelerator being 500 
ppm or less exceeding 0 ppm in the invention according to claim 1. 

[Claim 4]A silica glass crucible characterized by said crystallization accelerator being alkali metal ion in the 
invention according to claim 1. 

[Claim 5]A silica glass crucible characterized by said crystallization accelerator being alkaline earth metal 
ion in the invention according to claim 1. 

[Claim 6]A layer containing a metal ion which promotes crystallization is formed in the crucible Kabeuchi 
surface, An electrode of a couple is arranged on the inside and the outside of said crucible wall containing 
this layer, respectively, A manufacturing method of a silica glass crucible moving said metal ion to said 
crucible Kabeuchi surface side by heating impressing direct current voltage to said crucible wall via an 
electrode of said couple in the state where an electrode arranged on the outside of a crucible wall of the 
electrodes of this couple turns into a negative electrode. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the crucible structure where the silica glass crucible for 
silicon melting used by silicon single crystal raising and its manufacturing method are started, especially the 
single crystal of a high grade can be pulled up over a long time. 
[0002] 

[Description of the Prior Art]In semiconductor manufacturing technology in recent years, it is required that 
crystal growth of the silicon single crystal of a large caliber should be carried out by the Czochralski method, 
Large caliber-ization progresses also about the silica glass crucible used for generation and maintenance of 
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the silicon melt between the crystal growth process, and the time which pulls up in accordance with it and is 
needed for a process is also in the tendency which becomes long. 

[0003]Thus, if the silicon single crystal covering a longtime is raised using the crucible of a large caliber, the 
amount of heat loads which a crucible wall surface receives, and the weight of silicon melt itself will increase, 
respectively. As a result, in the crucible internal surface which receives a great quantity of heat loads 
holding the silicon melt which put on weight, crystallization progresses locally that it is easy to corrode at a 
reaction with the melt. The portion crystallized in this way separates easilier than the portion which is not 
so. If it once separates by a certain cause and is emitted into melt, it will move in the inside of the melt, and 
will adhere to the solid-liquid interface between single crystals. Nucleation of the portion which adhered 
here is carried out, it induces polycrystal-ization. and is set to one of the factors which check single crystal 
generation. 

[0004]In order to advance large caliber-ization of the silicon single crystal, crystallization by the crucible 
internal surface considered to be a factor which causes deterioration of a crucible internal surface and 
decline in the rate of single-crystahizing must be suppressed. Then, as this measure, the crystallization 
accelerator is beforehand applied to the crucible internal surface, and the method of carrying out nucleation 
of that crystallization accelerator at the time of use. and crystallizing a crucible internal surface at an early 
stage over the whole surface is known. 
[0005] 

[Problem(s) to be Solved by the Invention]The method using the crystallization accelerator of the 
conventional example mentioned above makes a high-concentration impurity contain in a crucible wall as 
the crystallization accelerator. When such an impurity begins to melt into silicon melt with the dissolution of 
a crucible wall during single crystal growth, the single crystal generated from the melt is polluted, and there 
is a problem of degrading the silicon characteristics (life time etc.). When special layers, such as a coating 
layer, are made to form in the crucible surface, generally it is easy to produce problems, such as peeling and 
a crack, and cautions special to the handling at the time of use are required in many cases. Occasionally 
new problems, such as surface roughness, are produced and a result contrary to the original purpose may 
be caused. 

[0006]Therefore, in order to embody the long lasting quartz crucible for silicon single crystal raising with a 
large caliber in this invention. The impurity contamination from corrosion and crystallization, and a crucible 
internal surface to silicon melt is controlled locally [ a crucible internal surface ]. respectively, and it aims at 
canceling inconvenient [ of the measure against deterioration on the surface of a crucible, or its handling]. 
[0007] 

[Means for Solving the Problem]In order to attain the above-mentioned purpose, as a result of repeating 
research, an outer surface of a layer containing a crystallization accelerator is covered in a 
transparent-silica-glass layer which does not contain a heterogeneous thing. When the crucible Kabeuchi 
surface was constituted from an outer surface of this transparent-silica-glass layer, this invention person 
began and found out a fact of utilizing effectively an original role of a crystallization accelerator which 
crystallizes a crucible internal surface. 

[0008]That is, a silica glass crucible concerning this invention was provided with a wrap 
transparent-silica-glass layer for a layer containing a crystallization accelerator and a layer containing this 
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crystallization accelerator, and constituted the crucible Kabeuchi surface from this transparent-silica-glass 

layer. 

[0009]According to the two-layer structure of such a crucible internal surface, when polycrystalline silicon 
dissolves by not less than 1400 ** high temperature before single crystal raising, a layer containing a 
crystallization accelerator crystallizes promptly. A layer crystallized in this way at the time of a subsequent 
single crystal raising start is used as a core, a transparent-silica-glass layer by the side of the surface 
crystallizes slowly, and, as a result, the whole crucible internal surface comes to be covered as a matter of 
fact as a crystal. 

[0010]Therefore, local corrosion in a crucible surface can be stopped by a crystal layer which will cover a 
crucible internal surface almost over the whole surface, and, thereby, reinforcement of a crucible can be 
attained. Since a crystal grown-up by a crucible internal surface does not contain an impurity, it can also 
prevent contamination of silicon. Since transparent silica glass was furthermore used, a labor which a 
measure against deterioration in a crucible internal surface and handling take compared with the former is 
also lightened substantially. 

[001 1]In this invention. In order to demonstrate most effectively an effect by dual structure of the 
above-mentioned crucible internal surface. ****** which is before a stage when a crystal which grows from 
a layer containing a crystallization accelerator reaches a position of an outer surface of a 
transparent-silica-glass layer, i.e., a crucible internal surface, starts raising of the time of crucible use, i.e., a 
silicon single crystal, is desirable. 

[0012]Then, about transparent-silica-glass layer thickness, it is desirable to set up taking crystal growth 
conditions in such a crucible internal surface into consideration. The rate of crystal growth in this case 
changes by conditions, such as a heat history at the time of crucible use, and a kind of nucleation material 
used as a crystallization accelerator. For example, when concentration of a crystal accelerator shall be 50 
ppm and it uses Na ion as the kind, a growth rate of a crystal (cristobalite) is a part for 1-2-micrometer/on 
conditions which maintain temperature of 1 500 **. When a kind of crystallization accelerator is used as Ba 
ion on the conditions, crystal growth speed becomes a part for 0.1 -0.01 -micrometer/. When rising or 
dropping sustaining temperature by 50 ** rather than 1 500 ** here, crystal growth speed is about set to 
twice or 1/2. In addition, conditions were changed, a crucible was actually made as an experiment, and it 
turned out that clear glass layer thickness has desirable 1-mmor less" exceeding "0mm for fully 
demonstrating this effect of the invention as a result of storing data for an experiment which pulls up a 
silicon crystal using that trial production crucible in piles. 

[0013]Since it becomes an important factor of crystal growth conditions in a crucible internal surface like 
[ concentration / of a crystallization accelerator ] the above, it is desirable to set up this effect of the 
invention within the limits of predetermined to making it fully demonstrate. For example, a crystal is more 
promptly generated so that concentration of a crystallization accelerator is high, but. If a fixed level is 
exceeded, a crystal deposit takes place more than needed in a process in which reduce the viscosity of 
glass, so that it has an adverse effect on actual use, or the target crucible structure is made to form, and 
the target characteristic may not be obtained. Then, when experimented and checked, about concentration 
of a crystallization accelerator, it turned out exceeding "Oppm that 500 ppmor less" is desirable practically. 
[0014]As a method of forming structure of a silica glass crucible concerning this invention, a voltage 
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impressing method is desirable as one very effective example. In this voltage impressing method, following 
four process (1) - (4) is adopted preferably, 

[0015](1): Create a crucible made from silica glass by a predetermined method. As this crucible forming 
method, it can be filled up with silica powder in a mold of a crucible which rotates as an example, and a 
method effusing and forming in heat sources, such as an arc, can be mentioned. Many bubbles are made to 
contain near the crucible outside surface in this method, in many cases so that distribution of radiant heat 
may become equivalent to that silicon raw material, when pulling up a single crystal using an obtained 
crucible. Anyway, a formation method of the crucible itself is not limited in particular in this invention, and it 
cannot be overemphasized that they may be the other methods. 

[0016](2): Form a layer which contains a crystallization accelerator, i.e., nucleation material of a crystal, in 
an internal surface of an obtained silica glass crucible. As this crystallization accelerator, a metal ion 
(crystallization promotion ion) can be mentioned, for example. In using this metal ion, a paste containing a 
compound of metal corresponding, for example or its compound are applied to a crucible internal surface, 
temperature up is carried out, and it forms a metal ion contained layer in a crucible internal surface by a 
method of flushing a layer which diffused that ion inside glass and applied it after that. A method of exposing 
a crucible as other formation methods into an air current which contains crystallization promotion ion, for 
example, and making it adhere to the surface, a method of including crystallization promotion ion in an 
electrode material beforehand, and transferring it at the time of voltage ****, etc. can be mentioned. 
[0017](3): Impress direct current voltage to a thickness direction of a crucible so that the inside may 
become (-), and move a metal ion to an inside of a crucible. At this time, temperature of a crucible is raised 
so that movement of ion may become easy. When performing this voltage impressing, it is desirable to use 
the precious metals which do not react to a crucible, such as black lead and platinum, as an electrode 
material. Shock absorbing material, such as silica powder or graphite powder, may be put in between this 
electrode and a crucible. As conditions for an impressed-electromotive-force method, when temperature 
was not less than 600 ** and impressed electromotive force was 100 or more V/cm, that the most desirable 
crucible structure is acquired has checked in an experiment (experiment No.1 in the below-mentioned table 
1 - No.9 reference). According to this method, [ near the inner circle wall whole region of a crucible ], the 
above-mentioned metal ion can be made to be able to intervene and crystallization of a 
transparent-silica-glass layer can be uniformly promoted in the crucible inner circumference whole region 
by almost uniform distribution. 

[0018](4): Cool a crucible after that and remove an electrode. To use this method, it is necessary to use 
nucleation material of a metal ion which can move at the time of voltage **** as a crystallization 
accelerator. Alkaline earth metal ion. such as alkali metal ion, such as Na-K, or Mg-Ca-Ba, is suitable for 
this metal ion. 
[0019] 

[Embodiment of the Invention]Hereafter, the embodiment of the silica glass crucible concerning this 
invention and its manufacturing method is described concretely. 

[0020](A 1st embodiment) According to this embodiment, K ion which is alkali metal ion is used as a 
crystallization accelerator. The 5% ethanol solution of potassium nitrate used as this crystallization 
promotion ion material and the silica glass crucible with a caliber of 18 inches are prepared beforehand. The 
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silica glass crucible was filled up with silica powder in the mold of the rotating crucible, and obtained it by 
fusing using an arc heat source. 

[0021]The 5% ethanol solution of potassium nitrate was applied to the internal surface of this silica glass 
crucible, that solution was dried, the crucible was heated at 400 ** after that, and that temperature was 
maintained for 1 hour. This crucible was cooled and the affix applied by washing that internal surface with 
chloride was removed. 

[0022]Carbon powder was contacted on the inside and the outside which counter on both sides of this 
crucible as an electrode material of a couple, respectively, and it heated in a nitrogen atmosphere, 
impressing voltage in the state where the electrode which the electrode arranged inside a crucible wall has 
arranged on a plus pole and the outside turns into a minus pole. The example of a fundamental experiment of 
this voltage impressing is shown in Table 1 . 
[0023] 
[Table 1] 

[0024]In the fundamental experiment of the voltage impressing shown in Table 1. temperature so that it may 
be represented with experiment No.1 - No.9 600 ** - 1300 **, Impressed electromotive force processed 
the crucible on the conditions which change variously 0.1 kV - 25 kV, and maintaining time within the limits 
of 30 minutes - 5 hours, and measured wrap transparent-silica-glass layer thickness for the concentration 
distribution and its ion contained layer of K ion of the crucible inner surface after the processing, 
respectively, and visual observation was performed. 

[0025]The result checked that the concentration maximum of a layer with the high concentration showed 
within the limits of 10 ppm - 300 ppm, when the concentration distribution of K ion was measured by the 
method of step etching. When this K ion concentration measured that thickness by using as a 
transparent-silica-glass layer the outermost layer which does not exist substantially at 0.1 ppm or less, as 
shown in Table 1 , within the limits of 6 micrometers - 800 micrometers was shown. The deposit of a crystal 
was not accepted when visual observation of the surface and the inside of a crucible after processing with 
these monograph affairs was carried out. 

[0026]When the raising examination of the silicon single crystal was done on the conditions maintained at 
1 480 ♦* for 6 hours using each crucible obtained by this voltage impressing method, it was checked that the 
crystal has grown to be a contact portion with silicon melt to a crucible internal surface in all the samples. 
[0027](A 2nd embodiment) Here, each ion of Ca, Mg. and Ba which is alkaline earth metal ion was used as a 
crystallization accelerator. The solution of each hydroxide 0.3 M/l of Ca, Mg, and Ba used as each of this 
crystallization promotion ion material makes the paste which colloidal silica mixes by 2 and the polyethylene 
glycol mixed with the weight percentage of 0.1 to 10, The paste was applied to the internal surface of the 
18-inch same silica glass crucible as the above. It maintained at 700 ** after drying this coating liquid for 1 
hour, and the applied layer was washed out by the alkaline aqueous solution etc. after cooling this. 
[0028]The platinum foil was stretched as an electrode material of a couple on the inside and the outside of 
this crucible, respectively, the voltage of 10 kV was applied in the state where the electrode which the 
electrode arranged inside a crucible wall has arranged on a plus pole and the outside turns into a minus pole, 
and it maintained at 1200 ** for 1 hour. 

[0029]It was checked by the internal surface of the obtained crucible that the transparent-silica-glass layer 
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about 5 micrometers thick is formed. When silicon was put into this crucible and it fused at 1500 ** for 1 
hour, it was checked that the crystal deposits over the whole surface of a crucible internal surface. 
[0030](A 3rd embodiment) Here, it is use ****** as a crystallization accelerator about Na ion which is alkali 
metal ion. The salt used as this crystallization promotion ion material was put into the pan. and this pan was 
placed in the center of a quartz glass plate, and the 18~inch same silica glass crucible as the above was 
turned down on it, the whole was put into the electric furnace, it heated at 900 ** for 5 minutes, and the 
crucible which did in this way and applied Na ion to the crucible internal surface was created. 
[0031 ]The mixture with that of silica powder and graphite powder was contacted on the inside and the 
outside of the crucible wall which were obtained as an electrode material of a couple, respectively, the 
voltage of 1 kV was impressed in the state where the electrode which the electrode arranged inside a 
crucible wall has arranged on a plus pole and the outside turns into a minus pole, and it maintained at 1000 
** for 1 5 minutes. 

[0032]It was checked that the transparent-silica-glass layer about 1 mm thick is formed in the internal 
surface of the obtained crucible. When the silicon single crystal was pulled up by this crucible, it was 
checked that the crystal deposits as **** all over a crucible internal surface. When compared with the case 
where an unsettled crucible is used, the defective fraction by polycrystal-izing also understood falling about 
10%. When the concentration of Na impurity in the silicon single crystal obtained using this crucible was 
measured, it was 0.01 ppb or less, and even if compared with the case where an unsettled crucible is used, 
the almost same level was shown, and it was checked that contamination by this Na impurity is controlled 
effectively. 
[0033] 

[Effect of the Invention]As explained above, according to this invention, a crucible internal surface can be 
crystallized almost over the whole surface, the local corrosion in a crucible surface can be stopped by that 
crystal layer that it is harder effectively, and reinforcement of a crucible can be attained. Since the crystal 
grown-up by the crucible internal surface does not contain an impurity, it can also prevent contamination of 
silicon. Since transparent silica glass was furthermore used, the labor which the measure against 
deterioration in a crucible internal surface and handling take compared with the former is also lightened 
substantially. 



[Translation done.] 
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